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(54) SECOND HARMONIC OPTICAL WAVE GENERATION DEVICE 

(57)Abstract: 

PURPOSE: To acquire a device of high SHG efficiency wherein DBR conditions are 
relaxed by using an SHG element with specific periodical refractive index distribution 
structure. 

CONSTITUTION: A semiconductor laser as a fundamental wave light source and a quasi- 
phase matching second harmonic generation(QPMSHG) element are optically coupled to 
allow the semiconductor laser to perform laser oscillation by using fedback light from the 



QPMSHG element, and the QPMSHG element is provided with a periodical refraction 
factor distribution structure along a propagation direction of fundamental wave. In such 
an SHG device, the periodical refractive index distribution structure is constituted to 
make a period 1 wherein the refractive index changes along a direction of light 
propagation satisfy both an equation (1):1=(2s-1)A/[4{N(A,/2)-N(W}] and an equation 
(2):1=(p'/q).V{4N(X)} simultaneously. Here, s and p' are natural numbers, q is a natural 
number exceeding 2, X is the wave length of fundamental wave and N(V2) and N(X) are 
effective refractive index of periodical refractive index distribution structure to second 
harmonic waves and fundamental waves, respectively. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the semiconductor laser as the fundamental-wave light source, and a false phase matching second harmonic generation 
component. So that said semiconductor laser may carry out laser oscillation of said semiconductor laser and said false phase matching second 
harmonic generation component using the feedback light from said false phase matching second harmonic generation component In the optical 
second harmonic generation equipment with which optical coupling has been carried out and said false phase matching second harmonic 
generation component comes to have periodic refractive-index distribution structure along the propagation direction of a fundamental wave 
Said periodic refractive-index distribution structure is optical second harmonic generation equipment characterized by being constituted and 
the period I from which a refractive index changes along the direction which light spreads becoming so that following the (1) type and (2) types 
may be satisfied simultaneously. 

I=(2s-1) -lambda/[4 [N(lambda/2)-N (lambda))] (1) 

l=(p'/q) -lambda/{4Ns (lambda)J (2) 

However, s and p' show the natural number, q shows the two or more natural numbers, respectively, lambda shows the wavelength of a 
fundamental wave and N (lambda/2) and N (lambda) show the effctive index of said periodic refractive-index distribution structure over the 
2nd higher harmonic and a fundamental wave, respectively. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical second harmonic generation (it is also hereafter called SHG) equipment which 

makes semiconductor laser (it is also hereafter called LD) the fundamental-wave light source. 

[0002] 

[Description of the Prior Art] The technique which short-wavelength-izes wavelength of LD which is the small light source in the densification 
of optical disk memory or the field of an image processing technique recent years especially is searched for strongly. As a technique which 
short-wavelength-izes wavelength of LD to one half, the equipment for realizing various SHG approaches and them is proposed conventionally. 
The artificer who starts this application also in it has proposed the approach of specifying the oscillation wavelength of LD stably on the 
wavelength with which it is satisfied of false phase matching (it is also hereafter called QPM) conditions with feedback from an SHG 
component, in Japanese Patent Application No. No. 51930 [ three to ]. Hereafter, this approach is called a self-false phase matching method or 
the S-QPM method. 

[0003] S-QPM for realizing this S-QPM method with reference to a drawing, in order to make an understanding of invention concerning this 
application easy hereafter SHG equipment (self-false phase matching light second harmonic generation equipment) is explained briefly. Drawing 
4 is S-QPM. It is the schematic diagram with which explanation of SHG equipment is presented. 

[0004] This S-QPM The component which constitutes SHG equipment is LiNb03 which is a nonlinear optical crystal. It has a substrate 10 and 
the optical waveguide 12 formed in that front face, and the polarization reversal field 14 is periodically formed into this optical waveguide 12. It 
can be considered that these polarization reversal field 14 will form the diffraction grating along the direction of a photoconductive wave if the 
optical waveguide 12 whole is seen, since the refractive index is slightly higher than the remainder (non-polarization reversal field) 16 of optical 
waveguide 12. Therefore, these polarization reversal field 14 and the non-polarization reversal field 16 will form periodic refractive-index 
distribution structure. 

[0005] Here, if it constitutes so that an external optical resonator may be formed with semiconductor laser (LD) and a component, the laser 
oscillation by which LD was stabilized by optical feedback from periodic refractive-index distribution structure can be started. 
[0006] and S-QPM SHG — equipment — a component — **** — optical waveguide — 12 — inside — a refractive index — changing — a 
period — lambda — namely, — polarization — reversal — a field — formation — a period — lambda — QPM — conditions — being shown — 
the following — ( — one — ) — a formula — Bragg reflection (DBR) — conditions — being shown — the following — ( — three — ) — a 
formula — simultaneous — being satisfied — as — setting up — having had — periodic — a refractive index — distribution — structure — 
preparing — **** . 
[0007] 

l=(2s-1) - [4 {N(lambda/2)-N (lambda)}] (1) 

L=p-lambda/{4Ns (lambda)} (3) 

However, I shows each dimension (l=lambda/2) along the propagation of the light of a polarization reversal field and a non-polarization reversal 
field, s and p show the natural number, respectively and N (lambda/2) and N (lambda) show the effctive index of the polarization reversal field 
to the 2nd higher harmonic and a fundamental wave, respectively. 

[0008] If the component is considered as such a configuration, the feedback light from periodic refractive-index distribution structure to LD 
will increase. For this reason, laser oscillation happens and QPM conditions are further satisfied by this feedback light. Consequently, the 
optical reinforcement of the 2nd higher harmonic increases for every coherent length, and further, since the light (2omega) of this 2nd higher 
harmonic passes refractive-index distribution structure, outgoing radiation of it will be carried out by high power from a QPM component. 
[0009] Thus, S-QPM In SHG equipment, achievement of high SHG effectiveness is attained theoretically. 
[0010] 

[Problem(s) to be Solved by the Invention] However, conventional S-QPM In SHG equipment, it is difficult to satisfy simultaneously above- 
mentioned (1) type and (2) types to accuracy. This is because a high precision is required of the dimension of the period of refractive-index 
distribution structure in order to satisfy QPM conditions and DBR conditions. There was a problem that there was a limit (at most 
submicrometer extent) in the precision of a period producible [ with the technique of the conventional photolithography ], and the produced 
own dimension of SHG equipment will change with temperature changes to this precision. 

[0011] Here, the count result of the relation between the dimension of the period of periodic refractive-index distribution structure and the 
conversion efficiency of a QPM component is shown as an example of the precision required of drawing 2 . The axis of abscissa of the graph of 
drawing 2 expresses the period of the periodic polarization reversal structure as periodic refractive-index distribution structure, and the axis of 
ordinate expresses SHG conversion efficiency with the relative value of **** 2 higher-harmonic reinforcement (SH). In count, the wavelength 
of light calculated bases as 1.327 micrometers, 6.5 micrometers of coherence length, ambient temperature 300K, and 2mm (equivalent to about 
300 periods) of component length. It turns out that the half-value width which is one rule of thumb of the precision demanded in order to 
satisfy QPM conditions from the graph of drawing 2 is about 39nm. This half-value width serves as a rule of thumb of the tolerance of the 
precision of the dimension of the period as QPM. 

[0012] Next, the count result of the relation between the dimension of a period and the reflection factor of DBR is shown in drawing 3 . The 
axis of abscissa of the graph of drawing 3 expresses the period of polarization reversal structure, and the axis of ordinate expresses the 
reflection factor of DBR. It turns out that the half-value width which is one rule of thumb of the precision demanded in order to satisfy DBR 
conditions from drawing 3 is about 0.56nm. This half-value width serves as a rule of thumb of the precision required of the dimension of the 
period as DBR, i.e., tolerance. In this example of count, the tolerance of DBR conditions is about 1 of tolerance of QPM conditions/70. 
[0013] Although it is only an example, compared with the precision demanded in order to fulfill QPM conditions, as for the half-value width 
shown in drawing 2 and drawing 3 , respectively, it turns out that the precision demanded in order to satisfy DBR conditions is far high, i.e., 
tolerance is far small. Therefore, S-QPM In SHG equipment, it turns out that it depends for SHG effectiveness on the tolerance of DBR 
conditions rather than QPM conditions. 

[0014] On the other hand, it is above-mentioned S-QPM. In order to satisfy the conditions for realizing SHG, adjusting the refractive index of a 
crystal using the fine adjustment technique of temperature control is also considered. However, it is S-QPM when the configuration for these 



temperature control etc. is included. Fine adjustment of SHG equipment not only becomes complicated technically, but will cause lifting of the 
production cost of equipment. S-QPM When putting SHG equipment in practical use, it is important to make a production cost low. 
[0015] Therefore, the object of this invention is S-QPM which eased DBR conditions. It is in offering SHG equipment. 
[0016] 

[Means for Solving the Problem] In order to aim at achievement of this object, according to the optical second harmonic generation equipment 
of this invention It has the semiconductor laser (LD) as the fundamental-wave light source, and a false phase matching second harmonic 
generation component (QPM SHG component). LD and QPM About an SHG component, LD is QPM. So that laser oscillation may be carried 
out using the feedback light from an SHG component Optical coupling has been carried out and it is QPM. In the optical second harmonic 
generation equipment with which an SHG component comes to have periodic refractive-index part structure along the propagation direction of 
a fundamental wave periodic refractive-index distribution structure It is characterized by being constituted and the period I from which a 
refractive index changes along the direction which light spreads becoming so that following the (1) type and (2) types may be satisfied 
simultaneously. 
[0017] 

l=(2s-1) -lambda/[4 (N(lambda/2)-N (lambda)}] (1) 

l=(p'/q) -lambda/(4Ns (lambda)} (2) 

However, s and p' show the natural number, q shows the two or more natural numbers, respectively, lambda shows the wavelength of a 
fundamental wave and N (lambda/2) and N (lambda) show the effctive index of the periodic refractive-index distribution structure over the 2nd 
higher harmonic and a fundamental wave, respectively. 
[0018] 

[Function] According to the optical second harmonic generation equipment of this invention, it sets to self-false phase matching light second 
harmonic generation (S-QPM SHG) equipment, and is QPM. The periodic refractive-index distribution structure of an SHG component is 
constituted so that the period I from which a refractive index changes along the direction which light spreads may satisfy simultaneously 
following the (1) type and (2) types. 
[0019] 

l=(2s-1) -lambda/[4 {N(lambda/2)-N (lambda)}] (1) 

l=(p'/q) -lambda/{4Ns (lambda)} (2) 

(However, s and p' show the natural number, q shows the two or more natural numbers, respectively, lambda shows the wavelength of a 
fundamental wave and N (lambda/2) and N (lambda) show the effctive index of the periodic refractive-index distribution structure over the 2nd 
higher harmonic and a fundamental wave, respectively.) 

Thus, if constituted, since the periodic polarization reversal structure of satisfying DBR conditions will turn into super-period structure, DBR 
conditions can be eased. Consequently, S-QPM with high SHG effectiveness SHG equipment can be obtained more easily than before. 
[0020] Parameter M is introduced and it explains natural number p' which satisfies hereafter (2) types mentioned above, and that q can be set 
up. M is expressed with the following formula (4) when the number of the periods in the polarization reversal structure covering all the 
component length when setting component length to L is set to M. 
[0021] 

M=pL/l=L/(lambda/(4Ns (lambda))} (4) 

By the way, M is also the number of the periods of Bragg reflection structure. Furthermore, it is known that the half-value width used as the 
rule of thumb of the tolerance of Bragg reflection conditions (DBR conditions) is mostly in inverse proportion to the value of this M. Therefore, 
what is necessary is just to make this M small, in order to make large half-value width of black reflective conditions. (4) Since I in a formula is 
a requirement for satisfying QPM conditions, it cannot change the value of I itself. Then, as shown in the following (2) types from (3) types 
which mentioned DBR conditions above, it changes. 
[0022] 

l=(p'/q) -lambda {4Ns (lambda)} (2) 

In this case, several M' of the period of effectual Bragg reflection structure will be 1/q time the M, as shown in (5) types below. In connection 
with this, the half-value width of Bragg reflection conditions becomes about q times, consequently, DBR conditions are eased q times — things 
— ** 
[0023] 

M'=M/q (5) 

Therefore, although one period of the polarization reversal structure of satisfying QPM conditions is with a die length of 21. which consisted of 
one polarization reversal field (die-length I) and one non-polarization reversal field (die-length I) as when polarization reversal structure is 
established so that (1) type and (2) types may be satisfied simultaneously On the other hand, one period has the so-called superstructure 
(structure where two or more periodic structures can be grasped in one periodic structure) of the die length 2 (ql) which consists of every q 
polarization reversal fields and a non-polarization reversal field, respectively as Bragg reflection structure. Namely, this S-QPM q period of 
QPM conditions will be satisfied with SHG equipment of one period of DBR conditions reflecting above-mentioned (5) types. 
[0024] Next, it is shown that the integer q for which (1) type mentioned above and (2) types can be satisfied simultaneously exists. Here, in 
order to avoid ****, the case of s= 1 is explained. In s!=1, existence of q can be proved similarly, the case of q= 1, i.e., conventional S-QPM, 
wavelength lambda- which has a fundamental wave in SHG equipment — Klambda' — in lambda+1, (1) type which lambda' mentioned above, 
and <(3) type are filled simultaneously. 
[0025] 

L=lambda-1/[4{N (lambda-1/2)}] =(p-1) lambda-1/{4N(lambda-1)} 

= lambda 7[4 {N (iambda'/2)}] = plambdaV{4Ns (lambda')} 

= lambda+1/[4{N (lambda+1 /2)}] =(p+1) lambda+1 /{4N(lambda+1)} 

Here, it proves that natural number p' which fills the following (6) types exists to the natural number which becomes q>=2. 
[0026] 

p-KpVq<p +1 (6) 

That is, each side is q Doubled and it is pq-q<p'<pq+q (7) 

What is necessary is just to show that p' of the ******** natural number exists. 

[0027] By the way, the 2q-1 piece natural number exists in from pq-q before pq+q of (7) types. Therefore, it turns out that p' which fills (7) 

types exists. Therefore, it turns out natural number p' which satisfies (2) types, and that q can be set up. 

[0028] 

[Example] Hereafter, with reference to a drawing, the example of the optical second harmonic generation equipment of this invention is 
explained. In addition, drawing referred to below has shown the magnitude, the configuration, and arrangement relation of each constituent 
roughly to extent which can understand this invention. Therefore, this invention of be [ it / what is limited to the example of a graphic display ] 
is clear. 

[0029] Drawing 1 is QPM which is the explanatory view with which explanation of the example of the optical second harmonic generation 
equipment of this invention is presented, and constitutes equipment. It is the perspective view of an SHG component. This example shows the 
structure when being referred to as q= 4. 



[0030] The optical second harmonic generation equipment of this invention is equipped with the semiconductor laser (not shown) as the 
fundamental-wave light source, and a false phase matching second harmonic generation component (QPM SHG component), and is LD and 
QPM. About an SHG component, LD is QPM. Optical coupling has been carried out so that laser oscillation may be carried out using the 
feedback light from an SHG component. QPM The SHG component is equipped with periodic refractive-index part structure along the 
propagation direction of a fundamental wave. 

[0031] for this reason — the optical second harmonic generation equipment of this example — QPM as an SHG component (it is also only 
hereafter called a component) — LiNb03 +C side of a substrate 20 — Ti (titanium) — being periodic (period of lambda= 21.) — it has the 
periodic polarization reversal structure which was diffused and formed the polarization reversal field 22. Moreover, optical waveguide 24 is 
formed with the proton exchange buffering method (Li+-H+ exchange buffering method) so that it may intersect perpendicularly with this 
periodic polarization reversal structure. 

[0032] The periodic polarization reversal structure which is the periodic refractive-index distribution structure where this optical waveguide 22 
was met is constituted so that the period I from which a refractive index changes along the direction which light spreads may satisfy 
simultaneously following the (1) type and (2) types. 
[0033] 

l=(2s-1) -lambda/[4 {N(lambda/2)-N (lambda)}] (1) 

Kp'/q) -lambda/[4Ns (lambda)} (2) 

However, s and p' show the natural number, respectively, q shows the two or more natural numbers, lambda shows the wavelength of a 
fundamental wave and N (lambda/2) and N (lambda) show the effctive index of the periodic refractive-index distribution structure over the 2nd 
higher harmonic and a fundamental wave, respectively. 

[0034] One period of the polarization reversal structure where it is satisfied with this example of QPM conditions as q= 4 With a die length of 
21. (-lambda) which consisted of one polarization reversal field (die-length I) and one non-polarization reversal field (die-length I) as ** On the 
other hand, one period as Bragg reflection structure is die-length 2x(4l.) =4lambda which consists of every four polarization reversal fields and 
a non-polarization reversal field, respectively, and has the so-called superstructure. Therefore, four periods of QPM conditions are satisfied 
with this example of one period of DBR conditions. For this reason, the tolerance of the precision demanded in order to satisfy DBR conditions 
will be eased 4 times at the time of being referred to as q= 1. 

[0035] Although the example mentioned above explained the case where used the specific ingredient and this invention was formed on 
condition that specification, this invention can perform many modification and deformation. For example, at the example mentioned above, it is 
LiNb03. Although the substrate 20 was used, by this invention, it is KTiOP04, for example. A substrate (KTP) 26 can also be used. Moreover, 
QPM which has the structure of distributing periodically over a substrate the high refractive-index field 22 where a refractive index is higher 
than a substrate, and making it spreading a fundamental wave in accordance with this distribution in this invention as shown in drawing 5 
although the optical waveguide 24 which intersects perpendicularly with polarization reversal structure was formed in the example mentioned 
above It is good also as an SHG component. 
[0036] 

[Effect of the Invention] Since periodic polarization reversal structure of satisfying DBR conditions was made into super-period structure 
according to the optical second harmonic generation equipment of this invention, DBR conditions can be eased. Consequently, S-QPM with 
high SHG effectiveness SHG equipment can be obtained more easily than before. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] S-QPM of this invention QPM of SHG equipment It is the perspective view with which explanation of an SHG component is 
presented. 

[Drawing 2] It is the graph which shows the count result of the relation between the period of periodic refractive -index distribution structure, 
and the conversion efficiency of QPM. 

[Drawing 3] It is the graph which shows the count result of the relation between the period of periodic refractive-index distribution structure, 
and the reflection factor of DBR. 

[Drawing 4] Conventional S-QPM QPM of SHG equipment It is the schematic diagram with which explanation of an SHG component is 
presented. 

[Drawing 5] The conventional QPM using a KTP substrate It is the perspective view with which explanation of the modification of an SHG 

component is presented. 

[Description of Notations] 

10: LiNb03 Substrate 

12: Optical waveguide 

14: Polarization reversal field 

16: Non-polarization reversal field 

20: LiNb03 Substrate 

22: Polarization reversal field (high refractive-index field) 
24: Optical waveguide 
26: KTP substrate 
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DRAWINGS 



[Drawing 1] 



22 : 

'4(Dfc£0)DBR2M*l ffiJW 
QPMSHGJH 5 - 




20 : L i N b O a &K 



[Drawing 4] 




[ Drawing 2] 
t.O 



13 
■ 



» 

CM 

I 



0.8 



0.6 



0.4 



0.2 



0.0 



1 ! 


1 1 

39n m 







6.0 



6.2 6.4 6-B 5.8 



7,0 



[ Drawing 3] 
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1 = (p' /q) • A/ UN (A) } (2) 



S£S&£^U A«S*»©ftft£?*U N (A/2) [0 0 2 0] CAT. -L&bfc (2) ^£^£lT£>g£$& 

*5J;tKN (A) l&tn^tim2l$mtiL&J:'tf&*&ClZSti p* , q£^5£Ti*3;i<h£, 

SRlE*SBttJE«»H»igi:3&:SC!)*r, DBRMMfb (4) Tgsns. 

rfcEfcaPT**. -tG>IS*, SHG^c^i^S-Q [0 0 2 1] 
PM SHGigffiiO^ti^^t^T^i 

M=pL/l=L/ {A/ (4N (A) ) } (4) 

y^*y^R#t^ (DBRftff) <Offf$«5H<0 1 (Dl^cDfeeD^f ^^^tltTf tZ 

m&tfcZ>*m.mte. ZL<r>M<r>til\zm£K\kWr2>ZLt DBR^iiU: (3) 53to>STnB0) (2) ^ 

ic<r*fc«e>(c«> c©M£/h$<-rn«a^ (4) [002 2] 

1 - (P' /Q) ■ A {4N (A) } (2) 

—49— 



Si^m (SH) <Dffi*Mrc*bTV>S. tf^Kl&^o 
16. 5^m, 0 ifi2mm (*<J 

3 0 offlw\zmm) tisxmwvit. H2^77*& 

@^r^^>^ilS^3 9 nmT$)^:t»5, z. 
o>*mm&Q PMt bTOWJWo-tfeOJHljKOirMo 

[0 0 12] tfrtt, 0 3fcffl*B<0lfte<bDBR$>£*t* 

E«»fl!>«»**U iiliDBR©fiW*«I/'C 
ViS. H3?&^-DBR*f!=€:a*JBS'tir<bfc«e>tK*$n 
O^a^SS^filWO. 5 6nmT^ 
^Ct^*^. £CO¥*«j&*DBRi:UT©«J(lf<0-tf 

[0 0 13] H2fe«fcrXH3fc-en-€ I n*b&¥«1itt 

SflF&tCtt^T, DBR£^**£t-*fc&lC»£3ft 

/J^^ui/iW^ $t*?T. S-QPM SHG^f 
fc45l*T. S H G«*liQ P M^fti: 0 D B R*fr O 
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Tmz. (5) aT5KT<fc5t;:MGDl/qf&t&£ 0 £ft 
tcff^, :/9*^EI**fr0*««ia«iq*£fc*. * 
M* =M/q 

«o-c. (i) at (2) ai*RWc#tje$^«<i:5 

l MXtt. l :3<D#«£<££# (A3 l ) 

t i ?o#^fscm «a i ) t^e«h!tsnfcs 
$2 ^^y^Kummtvx 

lK<6««)&^i^n^2 (q 1) G>Vvb«0*jfi 

SHG^SXH Ji^O (5) ^S^UT, QPM 

1 = A-,/ [4 {N (A-,/2) } ] = 

= A' / [4 {N (A* /2) } ] = 

= Am/ C4 {N (A„/2) } ] = 
g^2^5S^»UT, TIBCO (6) a* 



[0 0 2 3] 



(5) 



[0024] mz. (i > at (2) asm 

tW?%Z> 0 Q = ltf>J§£\ «E3fe<0S-QPM 
SHGMtfcfc^TH S^C0^^^A-i<A' < 
A + ifC^T, A' (1) at (3) at£ 

[0 0 2 5] 



(P- 



1) A-i/ {4N (A 
pr / {4N (A* ) } 
(p+ 1) Am/ {4N (Am) 
★ [0 0 2 6] 



) ) 



30 



p- l<p' /q<p+ 1 .... 
SP1>, &SI£qteUT 

PQ-q<p' <P q + q • ■ ■ ■ 

[0 0 2 7] tC5T, (7) ao pq-q7ti>£>pq + 

t, (7) ^ifctp' a^s-r & - 1 &tifr z> . $e 
ox, (2> a*»£*r*«fcB«Rp' . qsssre 

[0 0 2 8] 

[0029] bhi z.<o%m^t/m2mtm.^m ! m 
qpm sHG#^4^Tfc^ z<Dmmmx*fo. 

q = 4 tLfct^CO#Ha^LT : - -5. 
[0 0 3 0] £0an0%*2M*££tt*tiU 

1= (2s— 1) -A/ [4 [N (A/2) 
i = (P f /q) • A/ {4N (A) ) - • 

AtM^i&CDifcS^U N (A/ 
tt^n-enm 2 KWifcfeJ: 

[0 0 3 4] Q = 4tlX, QPM& 



(6) 



40 



flU s&efctfp' 
2) £J;tfN (A) 



- • • (7). 

*fi^fB2S5»l«»^* : F (QPM SHG») ££JI 
*T:fc0, LDtQPM SHG*ft*, LD^QP 
M S H G ffi^a* b CO^MX Uffl LT if « 
£ 5 IC, ^te^S-ST**. QPM SHGS^IIS* 

[0031] n<Dt^tb. z.<r>mm<n%&2-&nm&£. 

Hi£-rn QPM SHG^ car, #te*^i*>* 
T*> tit, LiNbOa S^2 0 tf)+C®lCT i 
<^*» £^HJTO (JM8A=2 1) tCtem^ii-T^a 

ynh>^ (Li- -h* 3S£*ft) tao> 
[0032] ^©)ti«K2 2\z&vitmmttomv»ft 

Kjft-pXB*r4s^fl:-ra«»! i **TSE ( l ) a*J:t; 
(2) a*TOfc«JB-r*J:3K:«|j«*tiTV^. 
[0 0 3 3] 

N (A) } ] (1) 

(2) 

mm dsn (fisn 
e«t^^tifc^$2 i (=a) <z>*st&>&*, — ^> ^ 
7v/^jE#t«ijitbTC9i /^2-en-rn4^oc7>4> 

x (4 1) = 4 D , ^b^^ICTIt^ot 



—50— 
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[0 0 3 5] JtSEbfc^lJfeWTftt, 

-Mrs. ±a*bfc«i«Ttt, LiNbo 3 m 

4 (KTP) £C2 6£J8V>*;z£fcT£$. *fc. ± 10 
[0 0 3 6] 

-tOfe** SHG^|$CD«ViS-QPM SHGgg^ a? 



[^ffiOfSS^^J 

[01] r0O3ra<7)S-QPM SHGgjSOQPM 
[0 2] «J«WJB^*^##ljfiro««i:QPM03EJftS» 
[0 3 3 ^jWWJB#r*^*«lafiw««ltr>BR«oS*t* 
4 3 «fl)S-QPM SHGgfOQPM SH 
[135] KTPl«*lHft«©QPM SHGSRf 

1 0 : T- i N b Oa 

i 2 : ytmum 
i 4 : ftmB&zmw 

1 6 : ^iKCMil 

2 0 : L i N b Os 

2 2 : ftflKEfeffitt «JB*r*Mt) 
2 4 : 

2 6 : KTPlf 



ran 

72 : ttfiSSfR'* 



br^i mas 

/ 




24 : SfciSJftK 



20 : L i N b Ort MM 
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0.2 
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6.0 



i I 


1 1 

- 


1 nl A/ 


lAA . . 1 



6.2 6 8 6-5 

ffiffl Cum) 



7.0 



[S3] 




8. 46*00 6.4B9T5 6. 491 50 6.43325 

EJffl Cum) 



6.46500 
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